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Possible Transfer of Resistance to Heterodera glycines 
from Glycine tomentolla to  Glycine max 

R. D. RaGGS, 2 S. WANG,  2 R.J. SINGH, ~ AND T. HYMOWITZ 3 

Abstract: Eight wild perennial Glycinespecies ( G. argyrea, G. canescens, G. cu~ata, G. cyrtoloba, G. latifolia, 
G. microphylla, G. tabacina, and G. tomentella) were evaluated for resistance to isolates of races 1, 3, and 
14 of Heterodera glycines. In a second experiment, reproduction of  isolates of races 3, 5, and 14 of  H. 
glycines on five of  the wild perennial species was determined. Seventy-one derived fertile lines (2n = 40) 
that were hybrids between G. max cv Clark 63 and G. tomentella also were evaluated for resistance to 
isolates of  races 3, 5, and 14. All of  the wild perennial Glycine species were resistant (Female Indices [FI] 
less than 10) to all of the isolates that were tested on them. In most cases no females matured. The 
soybean cvs. Clark 63 and Altona, which were tested at the same time as the hybrids, were susceptible to 
all isolates ofH.  glycines tested. When the tests were combined and a single FI calculated with the average 
numb er  of  females on Lee 74, one derived fertile line was resistant to race 3, three derived fertile lines 
were resistant to race 5, and five derived fertile lines were resistant to race 14. Thus, transfer of resistance 
to H. glycines from G. tomentella to G. max apparently occurred. 

Key word~: Glycine species, Heterodera glycines, interspecific hybrids, nematode,  resistance, soybean, 
soybean cyst nematode. 

The soybean cyst nematode,  Heterodera gly- 
cines Ichinohe,  is a serious pest on soybean, 
Glycine max (L.) Merr., in most countries 
where  the c rop  is grown (Noel,  1992). 
Nematicides have been used to reduce dam- 
age by H. glycines (Schmitt et al., 1983), but  
some have been eliminated because of  a 
danger  to users (Johnson and Feldmesser, 
1987) whereas others provide inconsistent 
control or  do not  provide an economic re- 
turn. Crop /cu l t iva r  rotations are recom- 
mended  for the management  of  H. glycines 
population levels but  are not  always used 
by the growers (Wrather et al., 1992). Soy- 
bean cultivars with resistance to H. glycines 
shou ld  be an in tegra l  par t  of  manage-  
m e n t  p rog rams .  However ,  in m a n y  in- 
stances, resistant cuhivars have been grown 
continuously, which has resulted in the se- 
lection of  H. glycines populations that repro- 
duce on the resistant cultivars (Young et al., 
1986). To date, new sources of  resistance 
have been found each time the resistance 
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from an old source has been broken (Cavi- 
ness, 1992). 

The  soybean  cuhivar  Pek ing  was the 
source o f  resistance for the first yellow- 
seeded H. glycines-resistant cultivar (Pickett) 
released for grower use (Caldwell et al., 
1960). Cultivars derived from Peking gener- 
ally were resistant to races 1 and 3 but sus- 
ceptible to race 14. Later, PI88788 was used 
as a source of  resistance to race 14, and, 
finally, PI437654 was used as the source of  
resistance to all known races of  H. glycines. 

Glycine (subgenus Glycine) contains 16 
wild perennia l  species (Kollipara et  al., 
1997), all indigenous to Australia and grown 
in diverse geographical areas under  a wide 
range of  climatic conditions. These Glycine 
spp. had not  been screened for resistance to 
H. glycines. The objectives of  these experi- 
ments were to determine the susceptibility 
of  the wild Glycine species to H. glycines and 
whether resistance to H. g~ycines was trans- 
ferred to hybrids of  G. tomenteUa and G. max. 

MATERIALS AND METHODS 

Plant material: Seeds of  Glycine arenaria 
Tind.,  G. argyrea Tind.,  G. canescens F.J. 
Herrn., G. curvata Tind., G. cyrtoloba Tind., G. 
falcata Benth., G. latifolia (Benth.) Newell & 
Hymowitz, G. microphyUa (Benth.) Tind., G. 
tabacina (Labill.) Benth., and G. tomenteUa 
were provided by T. Hymowitz from Univer- 
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sity of  Il l inois,  U r b a n a ,  Illinois. Seeds of  de- 
rived ferti le l ines f rom crosses be tween  G. 
max cv. A l tona  (2n = 40) a n d  G. tomentella PI 
483,218 (2n = 78), which had  b e e n  back- 
crossed to cv. Clark 63 (2n  = 40) four  times, 
were p rov ided  by R.J.  S ingh  a n d  T. Hymo-  
witz. 

Seeds were g e r m i n a t e d  in  vermicul i te  a n d  
t r a n s p l a n t e d  as seedl ings in  the co ty ledon  
stage i n to  f ine sandy  soil in  7.5-cm-diam. 
(for the first Glycinespp. test) o r  10-cm-diam. 
(for the  tests o f  the  in terspecif ic  crosses) 
clay pots  before  n e m a t o d e s  were added .  

Nematode populat ions:  G r e e n h o u s e  s tock 
cu l tu re  isolates of  H. glycines were p r o d u c e d  
as follows: race 1 was cu l t u r ed  o n  soybean  cv. 
Lee 74 a n d  PI 88,788 growing in  the same 
pots; race 3 o n  cv. Lee 74; race 5 o n  cv. 
Bedford;  a n d  race 14 o n  cv. Pickett. Females  
a n d  (or) cysts (hereaf te r  cal led cysts) were 
r u b b e d  f rom the  roots in to  water, st irred, 
a n d  p o u r e d  t h r o u g h  n e s t e d  850-pm-pore  
( 2 0 - m e s h )  a n d  2 5 0 - p r o - p o r e  ( 6 0 - m e s h )  
sieves. T h e  cysts caugh t  o n  the 250-pm-pore  
sieve were washed in to  a g r o u n d  glass ho- 
m o g e n i z e r  a n d  b r o k e n  to release the  eggs. 
T h e  r e s u l t i n g  s u s p e n s i o n  was p o u r e d  

t h r o u g h  nes t ed  75-pm-pore  a n d  25-1am-pore 
(500-mesh) sieves, a n d  eggs were col lected 

o n  the 25-pro-pore sieve for tests. Approxi-  
mate ly  4,000 eggs a n d  second-stage juven i l e s  
of  H. glycines were a d d e d  to the f ine sandy 
soil in  which  each test p l a n t  was growing.  
Lee 74 a n d  the H. glycines race de t e rmina -  
t i on  soybe a n  l ines  ( G o l d e n  et  al., 1970; 
Riggs a n d  Schmitt ,  1988) were i n c l u d e d  in  
the tests to verify the races of  the isolates o f  
H. glycines used. T h r e e  to five rep l ica t ions  of  
each  p l a n t  were  u sed  d e p e n d i n g  o n  the  
n u m b e r  of  seeds tha t  ge rmina t ed .  

Plant  susceptibility determination: Five weeks 
after  n e m a t o d e  eggs were a d d e d  to the soil, 
newly p r o d u c e d  cysts were ex t rac ted  by the 
same p r o c e d u r e  used  to ob ta in  test ne ma -  
todes.  T h e  females  e x t r a c t e d  f rom each  
p l a n t  were c o u n t e d  at x l 0  m a g n i f i c a t i o n  
with a s tereoscopic  microscope .  T h e  tests 
were r epea t ed  once.  

T h e  n u m b e r s  of  cysts o n  each H. glycines 
race different ial  a n d  o n  each test p l an t  were 

conver ted  to a Female  I n d e x  (FI), a pe rcen t -  
age of  the n u m b e r  of  cysts o n  the  soybean 
cv. Lee 74. Plants  with a m e a n  FI less t h a n  10 
were cons ide red  to be resis tant  to a part icu-  
lar race, those with a m e a n  FI of  10 to 30 
were cons ide red  modera te ly  resistant,  those 
with a m e a n  FI of  31 to 60 were cons ide red  
m o d e r a t e l y  suscept ib le ,  a n d  those  with a 

TABLE 1. Numbers of females of Heterodera glycines per pot of Glyeine spp. inoculated with race 1, 3, or 14 of 
H. glycines. 

Females per  pot  and FI a 

Race 1 Race 2 Race 14 
Culfivar or 

Glycine sp. PI n m n b e r  Mean FI (%) Mean FI (%) Mean F1 (%) 

G. max Lee 74 250 100.0 166 100.0 783 100.0 
G. max Pickett 2 0.6 0 0.1 929 118.6 
G. max Peking 0 0.0 0 0.1 354 45.3 
G. max PI 88,788 42 16.7 1 0.7 19 2.4 
G. max PI 90,763 1 0.2 0 0.0 290 37.1 
G. max Hartwig 0 0.0 0 0.0 0 0.2 
G. argyrea PI 505,151 0 0.0 1 0.4 2 0.3 
C. canescens PI 440,928 11 4.3 7 4.2 1 0.1 
G. curvata PI 505,166 0 0.0 0 0.0 1 0.1 
G. cyrtoloba PI 440,963 0 0.0 0 0.0 0 0.0 
G latifolia PI 378,709 c __ 0 0.0 2 0.3 
G. microphylla PI 440,956 1 0.3 4 2.6 0 0.0 
G. tabacina b P1 440,956 30 12.1 0 0.2 l 0.1 
G. tabacina b PI 483,204 0 0.0 0 0.2 0 0.0 
G. tomentella b PI 441,005 0 0.1 0 0.0 0 0.0 

FI = Female Index, the number of cysts on line per number of cysts on Lee x 
b 2n = 80, o ther  accessions 2n = 40, 
¢ Dash indicates no  test, 

100. 
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TABLE 2. N u m b e r s  of  f ema le s  o f  Heterodera glycines p e r  p o t  o f  Glycine spp.  a n d  t h e i r  hybr ids  i n o c u l a t e d  wi th  
race  3 o f  H. glycines. 

Females per pot and FI a 

Test 1 Test 2 Test mean 
Glycine sp. Cultivar or 
or hybrid PI number Mean FI (%) Mean FI (%) Cysts FI (%) 

G. max Lee  74 246 100.0 779 100.0 513 100.0 
G. max Picke t t  2 0.8 4 0.5 3 0.6 
G. max P e k i n g  0 0.0 0 0.0 0 0.0 
G. max PI  88,788 3 1.4 0 0.04 1 0.2 
G. max PI 90,763 4 1.6 1 0.2 3 0.5 
G. arenaria PI 505,204 0 0.0 a __ 0 0.0 
G. argyrea PI 505,151 - -  - -  0 0.0 0 0.0 
G. cyrtoloba PI 440,963 - -  - -  0 0.0 0 0.0 
G. microphylla PI  440,956 0 0.0 - -  - -  0 0.0 
G. tabacina 6 PI  440,996 - -  - -  0 0.0 0 0.0 
G. tabacina b PI 483,202 - -  - -  0 0.0 0 0.0 
G. tomentella ~ PI 483,218 0 0.0 0 0.0 0 0.0 
G. max A l t o n a  138 56.1 580 74.4 460 89.8 
G. max C la rk  63 198 80.5 468 59.6 388 75.7 
H 706-1 72 29.3 393 50.4 308 60.1 
H 719-1 - -  - -  192 24.6 192 24.6 
H 720-1 - -  - -  108 13.9 108 13.9 
H 722-4 72 29.3 472 60.6 372 72.6 
H 722-5 66 26.8 576 73.9 465 90.7 
H 722-6 0 0.0 344 44.2 258 50.3 
H 722-7 - -  - -  450 57.8 450 57.8 
H 722-9 36 14.6 - -  - -  36 14.6 
H 724-1 4 1.4 531 68.2 320 62.4 
H 725-1 72 29.3 358 46.0 254 49.6 
H 725-3 57 23.2 126 16.2 98 19.2 
H 729-1 66 26.8 174 22.3 120 23.4 
H 733-1 1 0.4 210 27.0 158 30.8 
H 736-1 21 8.5 - -  - -  21 8.5 
H 736-3 48 19.5 210 27.0 156 30.4 
H 745-2 51 20.7 336 43.1 194 37.8 
H 749-1 58 23.7 564 72.4 408 79.6 
H 762-1 72 29.3 1892 114.5 678 134.0 
H 765-1 51 20.7 438 56.2 341 66.5 
H 765-3 62 25.2 1780 100.1 421 82.1 
H 766-2 180 73.2 519 66.7 350 68.2 
H 788-1 51 20.7 394 50.6 257 50.1 
H 789-1 54 22.0 456 58.5 356 69.4 
H 810-1 190 77.2 190 24.4 190 37.1 
MT-02-06 116 47.2 194 24.9 155 30.2 
MT-03-03 108 43.9 151 19.4 140 27.4 
MT-05-08 48 19.5 414 53.1 231 45.1 
MT-05-10 66 26.8 - -  - -  66 26.8 

FI = F e m a l e  Index ,  the  n u m b e r  o f  cysts 
b 2 n =  80. 
c 2n = 78, other accessions 2n = 40. 
d Dash indicates no test. 

o n  l i ne  p e r  n u m b e r  of  cysts o n  Lee  x 100. 

m e a n  FI grea te r  t han  60 were cons ide red  
suscept ible  (Schmit t  a n d  S h a n n o n ,  1992). 

R E S U L T S  

Screening of wild perennial species: Reproduc -  
t ion  levels of  races 1, 3, a n d  14 var ied o n  the  
e igh t  Glycine spp. tested (Table  1). Race 1 

d id  n o t  m a t u r e  o n  G. argyrea, G. curvata, G. 
cyrtoloba, or  G. tabacina; race 3 d id  n o t  ma- 
ture  o n  G. curvata, G. cyrtoloba, G. latifolia, or  
G. tomentella; a n d  race 14 did  n o t  m a t u r e  o n  
G. crytoloba, G. microphylla, or G. tomentella. 
A l t h o u g h  s o m e  f e m a l e s  m a t u r e d  o n  all 
o the r  Glycine species, so few were f o u n d  that  
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all were  c o n s i d e r e d  to b e  res i s tan t  (FI < 10) 
e x c e p t  t ha t  G. tabacina PI 440956 was on ly  
m o d e r a t e l y  res i s tan t  to race  1 (Tab le  1). In  a 
s e c o n d  test  o f  t he  res i s tance  o f  G. argyrea, G. 
cyrtoloba, G. tabacina, a n d  G. tomentella to 
races  3, 5, a n d  14 on ly  a few cysts o f  race  14 
d e v e l o p e d  a n d  on ly  o n  G. argyrea a n d  G. to- 
mentelIa (Tables  2 -4 ) .  

Screening of derived fertile lines of soybean x G. 
tomenteUa: O f  the  70 l ines  t e s ted  fo r  resis- 
t ance  to race  3, t h r e e  were  m o d e r a t e l y  resis- 
tant ,  a n d  n o n e  was res i s tan t  in  b o t h  tests; 
f o u r  were  m o d e r a t e l y  res is tant ,  a n d  o n e  was 
res i s tan t  in  o n e  test,  b u t  they  were  n o t  u sed  
in  t he  o t h e r  test  (Tab le  2). I n  add i t i on ,  16 
h y b r i d s  we re  m o d e r a t e l y  suscep t ib l e ,  a n d  
f o u r  were  suscep t ib l e  in  b o t h  tests with race  
3 (da t a  n o t  shown) .  W h e n  the  two tests were  
a v e r a g e d  t oge the r ,  o n e  h y b r i d  was res is tant ,  
n i n e  we re  m o d e r a t e l y  r e s i s t an t ,  35 w e r e  
m o d e r a t e l y  suscep t ib le ,  a n d  25 were  suscep-  
t ible.  

O f  the  66 h y b r i d  l ines  tes ted  fo r  res i s tance  
to race  5, n o n e  were  res i s tan t  o r  m o d e r a t e l y  
res i s tan t  in b o t h  tests (Tab le  3). N o  hybr ids  
were  m o d e r a t e l y  suscep t ib le  in  b o t h  tests; 36 
were  suscep t ib le  (da t a  n o t  shown) .  Two hy- 
b r ids  were  res i s tan t  a n d  o n e  m o d e r a t e l y  re- 
s is tant  in o n e  test,  b u t  t hey  were  n o t  t e s t ed  
in  t he  o the r .  W h e n  the  two tests were  aver- 
a g e d  toge the r ,  two hybr ids  were  res is tant ,  
f o u r  were  m o d e r a t e l y  res i s tan t ,  five were  
m o d e r a t e l y  suscept ib le ,  a n d  55 were  suscep-  
t ible.  

Sixty-five h y b r i d  l ines  were  t e s ted  fo r  re- 
s is tance to race  14, a n d  n o n e  were  res i s tan t  
o r  m o d e r a t e l y  res i s tan t  in  b o t h  tests; f o u r  
tha t  were  res i s t an t  a n d  five tha t  were  m o d -  
e r a t e ly  r e s i s t an t  in  o n e  tes t  were  n o t  in- 
c l u d e d  in  the  o t h e r  test  (Table  4). W h e n  the  
resul ts  o f  the  two tests were  c o m b i n e d ,  21 
hybr ids  were  m o d e r a t e l y  suscep t ib le  a n d  33 
were  suscep t ib le  ( resul ts  n o t  shown) .  

O f  the  10 l ines  tha t  were  res i s tan t  to at  

TABLE 3. Numbers of females of Heterodera glycines per pot of Glycine spp. and their hybrids inoculated with 
race 5 of H. glycines. 

N u m b e r  o f  females o f  H. gtycines per  po t  and FI a 

Test 1 Test  2 Test mean 
Glycine sp. Culfivar or  
or hybrid PI n u m b e r  Mean FI (%) Mean FI (%) Cysts FI (%) 

G. max L e e  74 252  100 .0  318  100 .0  285  100.0  
G. max Picke t t  8 3.0 152 47 .8  8 0  28.0  
G. max P e k i n g  1 0 .4  2 0 .7  2 0 .7  
G. max PI 8 8 , 7 8 8  142  56 .3  162 50.9  150 52 .6  
G. max PI 9 0 , 7 6 3  c __ 0 0.0 0 0.0 
G. arenaria PI 5 0 5 , 2 0 4  0 0 .0  - -  - -  0 0 .0  
G. argyrea PI 505 ,121  - -  - -  0 0 .0  0 0 .0  
G. microphyUa PI 4 4 0 , 9 5 6  0 0.0 - -  - -  0 0 .0  
G. tabacina b PI 483 ,202  - -  - -  0 0.0 0 0 .0  
G. tomentella b PI 4 4 6 , 9 9 3  0 0.0 0 0.0 0 0 .0  
G. tomentella b PI 4 4 1 , 0 0 5  - -  - -  0 0 .0  0 0 .0  

G. max A l t o n a  510  202 .4  416  130.8  510  2 0 2 . 4  
G. max C l a r k  63  318  126.2  322  101 .3  296  103.9  
H 706-1 36  14.3 - -  - -  36  14.3 
H 720-2 152 60.3  22  6.8 65 22.8  
H 736-1 1 0 .4  - -  - -  1 0 .4  
H 745-4  16 6.2 210  66.0  80  28.1 
H 745-5 12 4.8 5 7 6  181.1 582  204 .2  
H 753-1 0 0 .0  - -  - -  0 0.0 
H 763-1 42  16.7  468  147.2  326  114 .4  
H 778-2 14 5 .7  2 2 6  71.1 120  42.1 
H 781-1 52  20 .6  360  113.2  2 0 6  72 .3  
H 782-2 70  27.8  150 47.2  11 38.5  
H 804-1 64  25 .4  866  2 7 2 . 3  465  163.2  
MT-05-18  72 28 .6  4 1.3 27  9.5 

a FI = Female Index, the number of cysts on line per number of 
b 2n = 80, o the r  accessions 2n = 40. 
d Dash indicates no test. 

cysts on Lee x 100. 
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TABLE 4. N u m b e r s  o f  f ema les  o f  Heterodera glycines p e r  p o t  o f  Glycine spp.  a n d  the i r  hybr ids  i n o c u l a t e d  with 

r ace  14 o f  H.  glycines. 

Number  of females of  H. glycines per pot and FI a 

Test 1 Test 2 Test mean 
Glycine sp. Cultivar or 
or hybrid PI number  Mean FI (%) Mean FI (%) Cysts FI (%) 

G. max L e e  74 305 99.9 490 100.0 397 100.0 

G. max Picket t  188 61.6 332 67.8 260 65.5 
G. max  P e k i n g  56 18.3 128 26.1 92 23.2 
G. max  PI 88,788 3 1.1 19 3.8 11 2.8 

G. max  PI 90,763 92 30.3 130 26.5 111 28.0 
G. arg~rea PI 505,121 d __  1 0.3 1 0.3 
G. microphylla PI 440,956 0 0.0 - -  - -  0 0.0 
G. tabacina b PI 483,202 - -  - -  0 0.0 0 0.0 
G. tomentella b PI 446,993 1 0.2 - -  - -  1 0.2 

G. tomentella ~ PI 339,657 2 0.7 - -  - -  2 0.7 
G. tomentella b PI 441,005 - -  - -  1 0.2 1 0.2 
G. max A l t o n a  189 62.0 618 126.1 444 111.8 

G. max Clark  63 282 92.6 153 31.2 271 68.3 
H 722-5 0 0.0 - -  - -  0 0.0 
H 725-1 40 13.0 - -  - -  40 10.1 

H 733-1 81 26.6 - -  - -  80 20.2 

H 745-5 3 1.0 - -  - -  3 0.8 
H 755 6 2.0 318 64.9 162 40.8 
H 763-1 2 0.7 - -  - -  2 0.5 

H 765-1 30 9.7 - -  - -  30 7.6 
H 782-2 60 19.8 824 168.2 442 111.3 
H 784-1 318 104.3 128 26.1 223 56.2 

H 788-1 52 17.0 168 34.3 110 27.7 
H 804-1 142 46.6 128 26.1 135 34.0 

H 805-2 30 9.8 340 69.4 222 55.9 
H 814-1 436 143.0 86 17.6 261 65.7 
MT-05-0 54 17.7 - -  - -  54 17.7 
MT-05-1 48 15.7 - -  - -  48 15.7 
MT-05-2 18 5.9 - -  - -  18 5.9 

a FI = Female Index, the number  of cysts on line per  number  of cysts on Lee x 
b 2n = 80, other accessions 2n = 40. 
c 2n = 78. 
d Dash indicates not tested. 

100. 

least one race, only one (H736-1) was resis- 
tant to two races, and it was moderately sus- 
ceptible to race 14. One line (MT-05-18) was 
resistant to race 5 and moderately resistant 
to race 14 but susceptible to race 3. The 
other  eight lines were either susceptible or 
modera te ly  susceptible to the o the r  two 
races. 

D I S C U S S I O N  

Although all of  the wild perennial  Glycine 
species tested were resistant or moderately 
resistant to H. glycines, that does not  mean  
they are automatically sources of  resistance 
that are usable. Those that have 2n = 40 
chromosomes would appear  to be good can- 
didates for hybridization with G. max, which 
has the same number.  However, they may be 

completely incompatible with G. max. Even 
if they will hybridize, the progeny may not  
be very similar to G. max. G. tomentella (2n = 
78, 80) and G. tabacina (2n = 80) would ap- 
pear to be less likely candidates for hybrid- 
ization because of  the differences in chro- 
mosome numbers .  In spite of  the differ- 
ences, fertile hybrids have been obtained 
between G. max and G. tomentella (Singh et 
al., 1993). 

When hybridization occurs between spe- 
cies with different c h r o m o s o m e  comple-  
ments,  inher i t ance  pat terns  may not  be 
normal. Pairings will not  be between ho- 
mologous chromosomes,  and some chromo- 
somes may not  pair at all. A single recessive 
gene may be expressed because there is no 
dominant  gene at the same locus to prevent 
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its express ion.  In  the backcross ing  process, 
c o n d u c t e d  two to four  t imes with the hy- 
br ids  tested, c h r o m o s o m e s  may be  lost, o r  
changes  in  c h r o m o s o m e  pai r ings  may resul t  

in  c h a n g e s  in  the  e x p r e s s i o n  of  va r ious  
traits. There fo re ,  p lants  tha t  shou ld  be very 
s imilar  may be qui te  different .  Because we 
know n o t h i n g  o f  the i n h e r i t a n c e  of  resis- 
t ance  to H. glycines in  G. tomenteUa, we do  n o t  
know what  to expec t  in  the t ransfer  of  this 
resistance.  

T h e  var ia t ion  in  responses  of  the der ived  
fert i le l ines f rom the G. max × G. tomentella 
cross to H. glycines may be  because  of  several 
factors. Resistance to H. glycines appears  to 
be  mu l t i gen i c  (Caviness, 1992). D u r i n g  the 
backcross ing  process,  o n e  or  m o r e  major  or  
m i n o r  genes  for  res is tance may have b e e n  
lost. I n  add i t ion ,  o n e  or  m o r e  res is tance 
genes  f rom the wild p e r e n n i a l  Glycine spp. 
may n o t  f u n c t i o n  p roper ly  w h e n  t rans fe r red  
to the  G. max g e n o m e .  

The  availability of  soybean  plants  resis tant  
to th ree  races of  14. glycines der ived  f rom an  
interspecif ic  cross be tween  G. max a n d  G. 
tomentella suggests tha t  genet ic  mater ia l  has 

b e e n  t r a n s f e r r e d  across species  de l imi ta -  
tions. The  resis tance in  the hybrids  had  to 
resul t  f rom the  t ransfer  o f  genet ic  mater ia l  
f rom G. tomentella to G. max; this would  be  
the  first r e p o r t  o f  gene t ic  t ransfer  via the 
sexual  process of  a trait  f rom a wild pe ren -  
nial  Glycine sp. to the cul t ivated soybean.  

LITERATURE CITED " ,i: 

Caldwell, B. E., C. A. Brim, and J. P. Ross. I960. In- 
heritance of resistance to soybean cyst nematode, Hete- 
rodera glycines. Agronomy Journal 52:635-636. 

Caviness, C. E. 1992. Breeding for resistance to soy- 
bean cyst nematode. Pp. 143-156 in R. D. Riggs and 
J. A. Wrather, eds. Biology and management of soybean 
cyst nematode. St. Paul, MN: APS Press. 

Golden, A. M., J. M. Epps, R. D. Riggs, L. A. Duclos, 
J.A. Fox, and R. L. Bernard. 1970. Terminology and 
identity of infraspecific forms of the soybean cyst nema- 
tode (Heterodera glycines). Plant Disease Reporter 54: 
544-546. 

Johnson, A.W., and J. Feldmesser. 1987. Nemati- 
cides---a historical review. Pp. 448-454 in J. A. Veecb 
and D. W. Dickson, eds. Vistas on nematology. Hyatts- 
ville, MD: Society of Nematologists, Inc. 

Kollipara, K. P., R.J. Singh, and T. Hymowitz. 1997. 
Phylogenetic and genomic relationships in the genus 
GlycineWilld. Based on sequences from the ITS region 
of nuclear rDNA. Genome 40:57-68. 

Noel, G. R. 1992. History, distribution and econom- 
ics. Pp. 1-14 in R. D. Riggs andJ. A. Wrather, eds. Bi- 
ology and management of soybean cyst nematode. St. 
Paul, MN: APS Press. 

Riggs, R. D., and D. P. Schmitt. 1988. Complete char- 
acterization of the race scheme for Heterodera glycines. 
Journal of Nematology 20:392-395. 

Schmitt, D. P., F. T. Corbin, and L. A. Nelson. 1983. 
Population dynamics of Heterodera glycines and soybean 
response in soils treated with selected nematicides and 
herbicides. Journal of Nematology 15:432-437. 

Schmitt, D. P., and G. Shannon. 1992. Differentiating 
soybean responses to Heterodera glycines races. Crop Sci- 
ence 32:275-277. 

Singh, R.J., K. P. Kollipara, and T. Hymowitz. 1993. 
Backcross (BC2-BC4)---derived fertile plants from Gly- 
cine max and G. tomentella intersubgeneric hybrids. Crop 
Science 33:1002-1007. 

Wrather, J.A., S. C. Anand, and S. R. Koenning. 
1992. Management by cultural practices. Pp. 125-131 in 
R.D. Riggs and J. A. Wrather, eds. Biology and man- 
agement of soybean cyst nematode. St. Paul, MN: APS 
Press. 

Young, L. D., E. E. Hartwig, S. C. Anand, and D. Wid- 
dick. 1986. Response of soybeans and soybean cyst 
nematodes to cropping sequences. Plant Disease 70: 
787-791. 


